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Description 

[CLEANING METHOD USED IN 
INTERCONNECT PROCESS] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92124833, filed September 09, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a cleaning method used 
in semiconductor fabrication. More particularly, the 
present invention relates to a cleaning method used in in- 
terconnect process. 

[0004] Description of the Related Art 

[0005] with rapid advance in semiconductor technologies, de- 
vices having smaller dimensions are produced. When the 
level of integration of circuits increases, a chip often run 
out of surface area for accommodating interconnecting 
wires. To match the increase demand for interconnects 



with the miniaturization of devices, a multi-layered inter- 
connect wiring layout design is used to fabricate very 
large scale integration (VLSI) circuits. When an electrical 
connection between different metallic layers is required, a 
contact opening is formed by etching the inter-layer di- 
electric between the two metallic layers and depositing 
conductive material to form a contact structure. Through 
the contact structure, the two metallic layers are electri- 
cally connected. 

[0006] | n the process of fabricating interconnects, a post-etching 
cleaning operation is often carried out after an opening is 
etching out of a dielectric layer so that any residue within 
the opening is removed before conductive material is de- 
posited into the opening. At present, organic alkaline so- 
lution is frequently used in interconnect process for post- 
etch cleaning. However, organic alkaline solution is costly 
and the waste after the cleaning process is difficult to dis- 
pose with due to environmental concerns. Furthermore, 
organic alkaline solution is not very effective in removing 
high molecular weight residues. When the contact opening 
is not thoroughly cleaned, resistance of subsequently 
formed contact is likely to increase. 

[0007] Another commonly used cleaning agent in interconnect 



process is inorganic acid or inorganic alkaline solution. 
However, inorganic acid or inorganic alkaline type of com- 
pound has a relatively high etching rate. Hence, when 
these types of cleaning solution are used to clean contact 
openings, during of the cleaning step must be carefully 
controlled. If one is not careful in setting the processing 
parameter, the metallic layer underneath the opening may 
be over-etched leading to an increase in resistance of the 

metallic layer. 
Summary of Invention 

[0008] Accordingly, one object of the present invention is to pro- 
vide a cleaning method used in an interconnect process in 
which the usage of conventional organic alkaline solution 
can be avoided and the inability to remove unwanted 
residue completely can be resolved. 

[0009] a second object of the present invention is to provide a 

cleaning method used in an interconnect process in which 
the risk of over etching the conductive structure within 
the opening during the cleaning treatment using an inor- 
ganic acid or an inorganic alkaline solution can be signifi- 
cantly reduced or eliminated. 

[0010] a third object of the present invention is to provide a 

cleaning method used in an interconnect process in which 



the high resistance of conductive structure produced 
through a conventional cleaning method can be effectively 
prevented. 

1 ] To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a clean- 
ing method used in an interconnect process. First, a sub- 
strate having a conductive layer and a dielectric layer 
thereon is provided. The conductive layer is formed over 
the substrate and the dielectric layer is formed over the 
conductive layer. Thereafter, a photolithographic process 
and an etching process are carried out in sequence to 
form an opening in the dielectric layer. The opening ex- 
poses a portion of the conductive layer. Since the etching 
process produces a large quantity of high molecular 
weight residues around the opening, a cleaning process is 
performed before depositing any conductive material into 
the opening. In this invention, a mixture containing sulfu- 
ric acid and hydrogen peroxide is used as a cleaning solu- 
tion. The concentration of the sulfuric acid in the mixture 
is about in between 0.1M to 0.2M and the concentration 
of the hydrogen peroxide in the mixture is about in be- 
tween 1.1M to 2.0M. In addition, the process of cleaning 



the opening using the mixture of sulfuric acid and hydro- 
gen peroxide is carried out at a temperature between 30°C 
to 40°C, preferably at 34°C, for a period between 30 to 90 
seconds. Using the special cleaning solution and the pro- 
cessing conditions according to this invention, high 
molecular weight residues are removed without over- 
etching any underlying conductive layer. Hence, this in- 
vention provides an effective and easy to control cleaning 
process. 

[0012] This invention also provides a method of forming inter- 
connects. First, a substrate having a dielectric layer 
formed thereon is provided. Thereafter, a photolitho- 
graphic process and an etching process are carried out in 
sequence to form an opening in the dielectric layer. A 
cleaning process is performed to remove any high molec- 
ular weight residues around the opening. In this invention, 
a mixture containing sulfuric acid and hydrogen peroxide 
is used to clean the opening. The concentration of the 
sulfuric acid in the mixture is about in between 0.1M to 
0.2M and the concentration of the hydrogen peroxide in 
the mixture is about in between 1.1M to 2.0M. In addition, 
the process of cleaning the opening using the mixture of 
sulfuric acid and hydrogen peroxide is carried out at a 



temperature between 30°C to 40°C, preferably at 34°C, for 
a period between 30 to 90 seconds. After the opening is 
cleaned, conductive material is deposited into the opening 
to form a conductive structure. The conductive structure 
is, for example, a contact (also referred to as a via), a dual 
damascene structure, or a conductive wire. 

[0013] This invention provides an effective means of removing 
any high molecular weight resides within the opening. 
Hence, the resistance of any subsequently formed con- 
ductive structure inside the opening is reduced. 

[0014] The sulfuric acid and hydrogen peroxide in the mixture 

for performing the cleaning process is more cost effective 
compared to the organic alkaline solution used in a con- 
ventional cleaning process. Furthermore, the waste efflu- 
ents of the cleaning process is easier to treat and handle. 

[0015] since the conductive layer at the bottom of the opening is 
prevented from over-etching when the cleaning mixture is 
applied and under conditions for cleaning the opening ac- 
cording to this invention, and therefore the cleaning pro- 
cess is easier to control. 

[0016] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 



the invention as claimed. 
Brief Description of Drawings 



[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] pigs. 1A through ID are schematic cross-sectional views 
showing the steps of forming a contact according to a 
first preferred embodiment of this invention. 

[0019] pigs. 2A through 2C are schematic cross-sectional views 
showing the steps of forming a contact according to a 
second preferred embodiment of this invention. 

[0020] Figs. 3A through 3C are schematic cross-sectional views 
showing the steps of forming a dual damascene structure 
according to a third preferred embodiment of this inven- 
tion. 

[0021] Figs. 4A through 4C are schematic cross-sectional views 

showing the steps of forming a conductive line according 

to a fourth preferred embodiment of this invention. 
Detailed Description 



[0022] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0023] pigs. 1A through ID are schematic cross-sectional views 
showing the steps forming a contact according to a first 
preferred embodiment of this invention. As shown in Fig. 
1A, a substrate 100 having a conductive layer 108 and a 
dielectric layer 110 formed thereon is provided. The con- 
ductive layer 108 is formed over the substrate 100 and 
the dielectric layer 110 is formed over the conductive 
layer 108. The conductive layer 108 has a sandwiched 
structure that includes a titanium/titanium nitride layer 
102, an aluminum/copper alloy layer 104 and a titanium/ 
titanium nitride layer 106, for example. The dielectric 
layer 110 is a silicon oxide layer formed, for example, by 
performing a high-density plasma chemical vapor deposi- 
tion (HDP-CVD). In general, the conductive layer 108 and 
the dielectric layer 110 can be fabricated using a material 
other than the aforementioned examples. 

[0024] a s shown in Fig. IB, a photolithographic process and an 



etching process are carried out in sequence to produce an 
opening 112 in the dielectric layer 110. The opening 112 
exposes a portion of the conductive layer 108. If the etch- 
ing process is carefully controlled, etching stops right on 
the titanium/titanium nitride layer 106 of the conductive 
layer 108. The etching process is a dry etching process, 
for example. However, after the etching process, a large 
quantity of high molecular weight residues 114 may re- 
main around the bottom area of the opening 112. 
[0025] As shown in Fig. 1C, a cleaning process is performed to 

remove the high molecular weight residues 114 inside the 
opening 112. In the cleaning process, a mixture contain- 
ing sulfuric acid and hydrogen peroxide is used to clean 
the opening 112. In one embodiment of this invention, 
the concentration of the sulfuric acid in the mixture is 
about in between 0.1M to 0.2M and the concentration of 
the hydrogen peroxide in the mixture is about in between 
1.1M to 2.0M. In other words, a cleaning solution with the 
aforementioned ingredient concentrations is produced 
through a proper mixing of the sulfuric acid, the hydrogen 
peroxide and water. Furthermore, the concentration of in- 
dividual ingredient may be adjusted according to different 
processing environment. In addition, the process of clean- 



ing the opening with the mixture of sulfuric acid and hy- 
drogen peroxide is carried out at a temperature between 
30°C to 40°C, preferably at 34°C, for a period between 30 
to 90 seconds. 

[0026] As shown in Fig. ID, a conductive material is deposited 
into the opening 112 to form a contact 116 such that the 
contact 116 and the conductive layer 108 are electrically 
connected. 

[0027] Because the high molecular weight residues 114 within 
the opening 112 has already been removed in the clean- 
ing process, the subsequently formed contact 116 formed 
within the opening 112 has an improved electrical con- 
ductivity. Furthermore, the cleaning solution is mild 
enough and does not etch into the conductive layer 108 
and hence the cleaning process can be conveniently car- 
ried out without the risk of over etching the conductive 
layer. 

[0028] pigs. 2A through 2C are schematic cross-sectional views 
showing the steps of forming a contact according to a 
second preferred embodiment of this invention. As de- 
scribed above with reference to Fig. 1A, a substrate 100 
having a conductive layer 108 and a dielectric layer 110 
formed thereon is provided, a photolithographic process 



and an etching process are carried out to form an opening 
212 in the dielectric layer 110 as shown in Fig. 2A. In the 
second embodiment, the etching process not only etches 
through the titanium/titanium nitride layer 106 but also 
etches away a portion of the aluminum/copper alloy layer 
104. Hence, the opening 212 exposes both the titanium/ 
titanium nitride layer 106 and the aluminum/copper alloy 
layer 104 of the conductive layer 108. Similarly, a large 
quantity of high molecular weight residues 114 remain 
within the opening 212 after the etching process. If the 
residues 114 are permitted to remain within the opening 
212, the profile of the opening 212 is likely to be ad- 
versely affected leading to an even higher resistance of 
the subsequently formed contact than that in the first em- 
bodiment. Therefore, an effective means of cleaning the 
residues 114 within the opening 212 is very crucial. 
[0029] As shown in Fig. 2B, a cleaning process is performed to 
remove the residues 114 within the opening 212. In the 
cleaning process, a mixture containing sulfuric acid and 
hydrogen peroxide is used to clean the opening 212. The 
concentration of sulfuric acid and hydrogen peroxide in 
the mixture and the conditions for carrying out the clean- 
ing operation are identical to one described in the previ- 



ous embodiment. 
[0030] As shown in Fig. 2C, a conductive material is deposited 
into the opening 212 to form a contact 216 such that the 
contact 216 and the conductive layer 108 are electrically 
connected. 

[0031] Aside from cleaning contact openings in the fabrication of 
contacts, the cleaning process according to this invention 
can also be applied to fabricate other metallic intercon- 
nects such as a dual damascene structures and conductive 
lines. 

[0032] pigs. 3A through 3C are schematic cross-sectional views 
showing the steps for producing a dual damascene struc- 
ture according to a third preferred embodiment of this in- 
vention. As shown in Fig. 3A, a substrate 300 having a 
conductive layer 302 and a dielectric layer 204 formed 
thereon is provided. The conductive layer 302 and the di- 
electric layer 304 can be in a form of a variety of struc- 
tures and can be fabricated using a variety of materials. 
Thereafter, a photolithographic process and an etching 
process are carried out in sequence to form a dual dama- 
scene opening 310 in the dielectric layer 304. The dual 
damascene opening 310 comprises a contact opening 306 
and a trench 208. The contact opening 306 exposes the 



conductive layer 302. Obviously, the dual damascene 
opening 310 can be fabricated by forming the contact 
opening 306 before the trench 308 or forming the trench 
308 before the contact opening 306. Similarly, some high 
molecular weight residues 312 are left behind around the 
bottom section of the dual damascene opening 310 after 
the etching process. 

[0033] As shown in Fig. 3B, a cleaning process is performed to 
remove the residues 312 within the dual damascene 
opening 310. In the cleaning process, a mixture contain- 
ing sulfuric acid and hydrogen peroxide is used to clean 
the opening 310. Since the concentration of sulfuric acid 
and hydrogen peroxide in the mixture and the conditions 
for carrying out the cleaning operation are identical to one 
described in the previous embodiment, and therefore de- 
tailed description thereof is omitted. 

[0034] As shown in Fig. 3C, conductive material is deposited into 
the dual damascene opening 310 to form a dual dama- 
scene structure 314. 

[0035] Because the high molecular weight residues 312 within 
the dual damascene opening 310 has already been re- 
moved in the cleaning process, the subsequently formed 
dual damascene structure 314 inside the opening 310 has 



an improved electrical conductivity. Furthermore, the 
cleaning solution is mild enough and does not etch into 
the conductive layer 302 and hence the cleaning process 
can be carried out conveniently without the risk of over 
etching the conductive layer 302. 
[0036] pigs. 4A through 4C are schematic cross-sectional views 
showing the steps of forming a conductive line according 
to a fourth preferred embodiment of this invention. As 
shown in Fig. 4A, a substrate 400 having a dielectric layer 
402 thereon is provided. Thereafter, a photolithographic 
process and an etching process are carried out in se- 
quence to pattern the dielectric layer 402 so that a trench 
404 is formed in the dielectric layer 402. However, during 
the etching process, some high molecular weight residues 
406 may be produced and are left behind within the 
trench 404. 

[0037] a s shown in Fig. 4B, a cleaning process is performed to 
remove the residues 406 within the trench 404. In the 
cleaning process, a mixture containing sulfuric acid and 
hydrogen peroxide is used to clean the trench 404. Since 
the concentration of sulfuric acid and hydrogen peroxide 
in the mixture and the conditions for carrying out the 
cleaning operation are identical to one described in the 



previous embodiment, and therefore detailed description 
thereof is omitted. 

[0038] As shown in Fig. 4C, conductive material is deposited into 
the trench 404 to form a conductive line 408. 

[0039] since the cleaning process according to this invention is 
very effective in removing the high molecular weight 
residues 406 from the trench 404, the subsequently 
formed conductive line 408 within the trench 404 will 
have good electrical conductivity. 

[0040] | n summary, major advantages of this invention includes: 
1. The cleaning process is very effective for removing high 
molecular weight residues from an opening so that subse- 
quently formed conductive structure formed within the 
opening will have significantly lower resistance. 2. The 
cost of sulfuric acid and hydrogen peroxide is consider- 
ably lower than the conventional organic alkaline solution. 
Furthermore, the waste effluents generated during the 
cleaning process are easier to treat and dispose. 3. The 
cleaning solution is mild enough to prevent the conduc- 
tive layer at the bottom of the opening from over-etching. 
Thus, the cleaning process is easier to control. 

[0041] | t w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 



of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



